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(7) ABSTRACT

A first insulating layer (12) overlying semiconductor sub-
strate (10) has a plurality of conductive paths (14, 16)
disposed thereon. Each of the plurality of conductive paths
has at least a major portion thereof overlied with a second
insulating layer (20). A third insulating layer (26), having air
gap ports (28) formed therein, overlies adjacent conductive
paths and extends from one to another such that an air gap
(34) is formed. A passivation layer (30) overlies third
insulating layer and seals the plurality of air gaps ports to
form an insulation structure (40) for a semiconductor inte-
grated circuit, and method thereof.
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SEMICONDUCTOR INTEGRATED CIRCUIT WITH
AN INSULATION STRUCTURE HAVING
REDUCED PERMITTIVITY

BACKGROUND
[0001] 1. Field of Invention

[0002] The present invention relates generally to semicon-
ductor integrated circuits and methods of fabricating such
circuits. More specifically, it relates to semiconductor inte-
grated circuits with an insulation structure having an a
reduced permittivity incorporated therein.

[0003] 2. Description of the Prior Art

[0004] As integrated circuits are scaled to meet the need
for both higher performance levels and more complex
integrated circuit solutions, the result is increased circuit
density. One scaling method used is shrinking a circuit’s
horizontal geometries, thus reducing the spacing between
features. As features such as adjacent conductive paths are
brought closer to one another, capacitive coupling between
the paths can become a barrier to the scaling process.

[0005] Adjacent conductive paths can be viewed as a
parallel plates of a capacitor and the insulating material
between them as the capacitor’s dielectric. As it is known,
capacitance is a function of the permittivity of the insulator
(¢;) divided by the thickness of the insulator (x;).

C ¢fx;

[0006] Thus capacitance increases between conductive
paths, for any given dielectric material, as they are brought
closer together by, for example, a scaling process. This
increase in capacitance results in an increase in the RC time
constant which, as it is known, causes a decrease in circuit
speed. Additionally, increases in capacitance between adja-
cent conductive paths also result in increases in inductive
noise or cross-talk between the adjacent conductors.

[0007] As the above mentioned equation indicates, when
the spacing between conductors decreases the capacitance
will increase unless the permittivity of the dielectric is
lowered. However, lower permittivity is difficult to achieve
due to the limited number of materials suitable for semi-
conductor processing. The most common dielectric material
used is silicon dioxide with €;=3.9 Faradays/centimeter
(F/cm). Other common dielectrics such as silicon nitride
have a higher permittivity and therefore are not useful for
reducing the permittivity of the dielectric.

[0008] On the other hand, vacuum has a permittivity of 1.0
F/ecm and air a slightly higher 1.001 F/cm. Thus isolating
adjacent conductive paths with vacuum, air or with a hybrid
structure including a substantial portion of vacuum or air
would be a solution. In addition, for any solution that results
in a lower permittivity to have broad applicability it would
also be required to be structurally sound and readily inte-
grated into a standard semiconductor process. While several
proposals for isolating adjacent conductive paths with
vacuum, air or a hybrid material have been made, none
meets the aforementioned requirements.

[0009] An early effort at a solution is seen in U.S. Pat. No.
3,890,636 entitled “MULTILAYER WIRING STRUC-
TURE OF INTEGRATED CIRCUIT AND METHOD OF
PRODUCING SAME?” issued to Harada et al. on Jun. 17,
1975 and assigned to Hitachi, Ltd. of Japan. Harada et al.
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teach a method that requires the formation of metal stan-
chions between each of the multiple layers of metal to isolate
adjacent conductors. Thus the formation of this stanchion
requires additional metal deposition, patterning and etching
steps to form the stanchions. For a dual layer metal system,
three metal depositions and three photolithograhic steps are
required rather than two depositions and two patterning
steps. In addition, all conductive paths are free standing with
no additional supporting structures to provide for strength.
Therefore, Harada et al. teaches that thicker and wider
conductive paths are required to provide this strength. As it
can be seen, the method of Harada et al. requires extra,
costly processing steps and wider conductors that are
adverse to sizing.

[0010] In U.S. Pat. No. 4,933,743, entitled “HIGH PER-
FORMANCE INTERCONNECT SYSTEM FOR AN
INTEGRATED CIRCUIT” issued to Thomas et al. on Jun.
12, 1990 and assigned to Fairchild Semiconductor Corp., a
free standing structure is also taught. While Thomas et al.
teach enclosing each conductor in a dielectric layer, that
layer is primarily proposed to allow the open structure to be
back-filled with a metallic material. Additionally, the dielec-
tric layer surrounding the conductors adds little or no
strength as it is supported by the metal rather than providing
such support. Thus the structure of Thomas et al. does not
provide the sound structure required unless additional costly
processing is used, such as backfilling with a metallic
material.

[0011] U.S. Pat. No. 5,119,164 entitled “AVOIDING
SPIN-ON-GLASS CRACKING IN HIGH ASPECT RATIO
CAVITIES” and issued to Sliwa Jr. et al. on Jun. 2, 1992, is
directed to avoiding cracks in a spin-on glass (SOG) used as
an insulating layer. The method teaches the deposition of a
tungsten (W) layer as a peripheral coating for conductive
metal stripes. After a spin-on glass is applied, the W is
uncovered by, for example, etching back the spin-on layer.
Subsequently the W is removed to form a void adjacent the
metal stripe. Upon hard curing of the glass, this void
increases in size due to densification of the SOG. While a
void is formed, this method requires the deposition of an W
layer and its subsequent removal. In addition, the void
formed is unpredictable in its size and is easily filled in a
multilayer device structure.

[0012] U.S. Pat. No. 5,310,700 entitled “CONDUCTOR
CAPACITANCE REDUCTION IN INTEGRATED CIR-
CUITS” was issued to Chuen-der Lien et al. on May 10,
1994 and assigned to the same assignee of the present
application, Integrated Device Technology, Inc. Lien et al.
disclose a method for reducing the capacitance between a
first and a second conductor on a semiconductor substrate.
This patent is incorporated by reference herein. Lien et al.
teach the formation of a cavity at an approximate midpoint
between conductive stripes due to the effect of protrusions,
formed at the top of the conductive stripes, upon the filling
of the space between with an insulating material such as
chemical vapor (CVD) deposited silicon oxide. While the
method of Lien et al. is effective, it is both process and
design layout dependent and requires forming an air gap
independently for each layer.

[0013] U.S. Pat. No. 5,407,860 entitled “METHOD OF
FORMING AIR GAP DIELECTRIC SPACERS
BETWEEN SEMICONDUCTOR LEADS” was issued to
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Stoltz et al. on Apr. 18, 1995. Stoltz et al. is directed to
forming an air gap through the deposition of a non-wetting
material, such as Teflon, as a thin layer overlying adjacent
metal stripes. Stoltz et al. teach that upon deposition of an
insulating material, the surface of the non-wetting material
will not be wetted by the insulating material. In this manner,
voids are formed. However, Stoltz et al. require a Teflon
deposition process that is non-standard and thus difficult to
incorporate into a semiconductor process flow. Additionally,
the effect of the non-wetting surface is layout dependent
making the size of the air gaps, if any, unpredictable.

[0014] Another method is taught in U.S. Pat. No. 5,461,
003 entitled “MULTILEVEL INTERCONNECT STRUC-
TURE WITH AIR GAPS FORMED BETWEEN METAL
LEADS” issued to Robert H. Haverman on Oct. 24, 1995.
Haverman teaches the etching of a disposable dielectric
layer through a porous, overlying layer. A silica-based
xerogel with a porosity range of between 10-50% is taught
by Haverman to be an appropriate porous layer. As it is
known, the deposition of such a porous layer is not a
standard semiconductor process and the porosity is a func-
tion of the removal of the dispersion medium. Thus such a
process is difficult to reproducibly perform and integrate
with other standard semiconductor process steps. Addition-
ally, as this is a porous layer, additional, non-porous material
must be employed to provide “improved structural support
and thermal conductivity, and passivat[ion of] the porous
dielectric layer” (col. 6, In. 12-13).

[0015] Japanese Patent No. 1-189939A entitled “SEMI-
CONDUCTOR INTEGRATED CIRCUIT” and issued to
Shigeru Murakami on Jul. 31, 1989, is directed to reducing
capacitance between wiring on two different levels. Thus
Murakami teaches forming an air gap between a lower wire
4 and an upper wire 7. Additionally this gap is formed by
removing a photoresist layer using a release agent and
anisotropic etching with CF, gas. Therefore upper wire 7
must be formed over the photoresist layer. Murakami
teaches forming upper wire 7 over an existing photoresist
layer, which, as it is known, can lead to contamination of the
wiring layer. Additionally, Murakami teaches etching with a
fluorine containing gas which is a well known etchant of
silicon oxide, thus potentially compromising insulating lay-
ers formed thereof.

[0016] Japanese Patent No. 1-318248 entitled “SEMI-
CONDUCTOR DEVICE AND MANUFACTURE
THEREOQOF” issued to Takahiro Tsuchitani on Dec. 12, 1989,
is directed to reducing the capacitance between an upper
wiring level 5 and a lower wiring level 2 through the use of
an air gap. Tsuchitani teaches that where an air isolation
region 4 is beyond a certain dimension, support for upper
wiring level 5 can be provided by forming struts 6. Thus
Tsuchitani teaches forming an added structure requiring
additional processing to provide for support of the upper
wiring layer 5.

[0017] It can be seen that while a variety of methods of
forming air gaps have been proposed, none provides for
reduced capacitance between adjacent conductors on the
same level, structural support for multilevel conductors, and
easy integration into a semiconductor process flow.

[0018] Therefore a need exists for such a structure that
provides for a reduced capacitance between adjacent con-
ductive paths or a single level. A need also exists for a
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reduced-capacitance structure that can provide structural
support for multilevel conductors. Finally, a need exists for
such a solution to be easily integrated into an existing
semiconductor process flow.

SUMMARY

[0019] The present invention is directed to a method for
forming an insulation structure for adjacent conductive paths
in a semiconductor integrated circuit, wherein the structure
has a permittivity substantially less than 3.9 F/cm. Addi-
tionally, the present invention is directed towards the spe-
cific structure formed by such a method.

[0020] The present invention provides adjacent conduc-
tive paths having substantially all of their sidewalls covered
with an insulating layer. Additionally, according to the
present invention a disposable layer is formed between the
insulating layer covered sidewalls and another insulating
layer is formed overlying the disposable layer and the
conductive paths to provide structural support for multilevel
conductive paths.

[0021] In addition, the present invention provides a
method for the removal of a disposable layer to form an
embodiment of a basic structure having a permittivity of less
than 3.9 F/cm. This basic structure can be repeated any
number of times to generate a multilayer metal integrated
circuit. Prior to each repeated structure, or a final passivation
layer, an array of openings is provided to allow removal of
the disposable layer at a future process step.

[0022] Thus a basic structure is shown that is alternatively
a building block or a final structure. In addition a method for
creating same is also shown.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] FIGS. 1-3 and 5 are simplified cross-sectional
views of a portion of an integrated circuit at various stages
in the fabrication of an embodiment of the present invention;

[0024] FIG. 4 is a top-down view of the cross sectional
view of FIG. 3;

[0025] FIGS. 6-8 are simplified cross-sectional views of a
portion of an integrated circuit at various stages in the
fabrication of another embodiment of the present invention

[0026] FIGS. 9 and 10 are simplified cross-sectional
views of a portion of an integrated circuit at a stage in the
fabrication of still another embodiment of the present inven-
tion;

[0027] FIG. 11 is a simplified cross sectional view of a
portion of an integrated circuit at a stage in the fabrication
of still another embodiment of the present invention; and

[0028] FIG. 12 is a top down view of the cross-sectional
view of FIG. 11.

DETAILED DESCRIPTION

[0029] Embodiments of the present invention will be
described with reference to the aforementioned figures. It
will be understood that these drawings are simplified for
ease of understanding and description only. Various modi-
fications will become apparent to those skilled in the art as
embodiments of the present invention are described. All
such modifications or variations that rely upon the teachings
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of the present invention, and through which these teachings
have advanced the art, are considered to be within the spirit
and scope of the present invention.

[0030] FIG. 1 is a simplified cross sectional view of a
portion of an integrated circuit (IC) at an early stage of
fabrication of an embodiment of the present invention. The
portion illustrated includes a semiconductor substrate 10, an
insulating layer 12, a pair of closely spaced first conductive
paths 14 and a spaced apart conductive path 16.

[0031] Tt will be understood that semiconductor substrate
10 has a plurality of regions (not shown) that contain a
variety of semiconductor device elements such as transis-
tors, diodes, resistors and the like as are well known in the
art. For ease of illustration and understanding, a single
region without such devices is shown throughout the illus-
trations contained herein.

[0032] First insulating layer 12 overlies substrate 10 and
serves to electrically isolate conductive paths 14 and 16
from substrate 10. Typically, insulating layer 12 is a ther-
mally grown silicon oxide layer, although other insulating
materials formed in other manners can also be used. For
example silicon nitride or any of the various silicon oxyni-
trides can be formed in place of silicon oxide. In addition,
combinations of thermally grown silicon oxide and depos-
ited insulators can also be employed for first insulating layer
12. Closely spaced conductive paths 14 and spaced apart
conductive path 16 are disposed on layer 12. Conductive
paths 14 and 16 are typically aluminum or any of the
commonly used aluminum alloys. However, paths 14 and 16
can alternatively include any of the conductive materials
known to those skilled in the art of IC fabrication or
combinations thereof. For example, paths 14 and 16 can be
polysilicon or a metal silicide or a combination thereof as an
alternative to aluminum or the like.

[0033] Referring now to FIG. 2, a conformal layer 20 or
second insulating layer 20 is formed overlying substrate 10.
As conformal layer 20 completely covers insulating layer 12
and conductive paths 14 and 16, and as no etching of
conformal layer 20 is done to achieve such complete cov-
erage, layers 12 and 20 can be formed from the same
material. Therefore if layer 12 is silicon oxide, second
insulating layer 20 can be formed from silicon oxide using,
for example, a plasma enhanced chemical vapor deposition
(PECVD) process. Alternatively, different materials for lay-
ers 12 and 20 can be selected. Thus where layer 12 is silicon
oxide, a layer of silicon nitride or some other dielectric
material can be employed for layer 20 and formed using any
of the well known methods that produce an essentially
conformal layer. Selection of a specific material for layer 12
and layer 20 is design choice within the spirit and scope of
the present invention.

[0034] As it is known, several factors will influence the
thickness of conformal layer 20. These will include the
actual material selected, the spacing between closely spaced
paths 14, whether or not additional layers of conductive
paths will be formed overlying at least a portion of confor-
mal layer 20, and other considerations known to those of
skill in the art. In a typical double layer metal integrated
circuit, second insulating layer 20 is at least approximately
100 nanometers (nm) thick.

[0035] Once conformal layer 20 has been formed, dispos-
able layer 24 is formed. Disposable layer 24, in one embodi-
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ment of the present invention, is a polyimide material or
other organic material capable of withstanding subsequent
processing steps without significant change or decomposi-
tion. In another embodiment, layer 24 is a spin-on-glass
having a carbon concentration of at approximately 10 weight
percent (wt. %) or greater, and in still another embodiment
of the present invention disposable layer 24 is a phospho-
rous-doped glass material having a phosphorous concentra-
tion sufficient to allow removal of layer 24 while layers 20
and 26 are essentially not etched. For example, where either
or both of layers 20 and 26 are an essentially undoped oxide
material, a phosphorus concentration of approximately 3 wt.
% or greater has been found desirable.

[0036] Disposable layer 24 can be formed by a first
process to overlie all of substrate 10, including conductive
paths 14 and 16 and conformal layer 20. Alternatively, layer
24 can be formed by a second process to fill only the area
between adjacent conductive paths 14, 16 and thus not
overlie conductive paths 14, 16. Where the first process is
employed, a subsequent etchback step, as is well known in
the art, is performed to expose at least a top portion of
conductors 14 and 16 as shown in FIG. 2. Thickness 25 of
disposable layer 24, either upon deposition or after an
etchback process, is selected to be approximately equal to
but no greater than that of conductive paths 14 and 16. Thus
if conductive paths 14 and 16 are aluminum with a thickness
of 500 nm, thickness 25 will be approximately 400 to 500
nm, although thinner layers are also acceptable. It will be
understood that where an etchback is required to arrive at an
appropriate thickness 25, as discussed above, that such an
etchback process should not significantly etch layer 20. Thus
an etchback process will typically have a selectivity ratio of
layer 24 to layer 20 of at least approximately 10:1.

[0037] Turning to FIG. 3, a third insulating layer 26 is
formed overlying substrate 10 having a plurality of air gap
ports 28 formed therein. In FIG. 4, a top down view of the
cross sectional view of FIG. 3, a typical arrangement of air
gap ports 28 is illustrated. Thus ports 28 are disposed
between conductive paths 14 and 16 in an array. The specific
number and location of air gap ports 28 is determined by the
specific integrated circuit design and material selected for
disposable layer 24.

[0038] Returning to FIG. 3, third layer 26 is formed of any
one of a variety of materials as previously described for
second dielectric layer 20. However, typically third layer 26
is selected to be the same composition as second layer 20 to
facilitate formation of contact openings or vias as will be
described with respect to another embodiment of the present
invention.

[0039] A photoresist masking layer (not shown) is dis-
posed over third layer 26 and patterned to expose selected
regions of layer 26. These selected regions are then etched
to form air gap ports 28 and the masking layer is removed.
It will be understood that the process selected for etching air
gap ports 28 will depend upon the specific material selected
for formation of third insulating layer 26. Thus any one of
the commonly known etch processes for dielectric or insu-
lating materials such as silicon oxide or silicon nitride can be
selected. For example where layer 26 consists of silicon
oxide, ports 28 can be formed by etching in a plasma
containing C,F, gas.

[0040] Once air gap ports 28 are formed, disposable layer
24 is removed. As those of ordinary skill in the art will know,



US 2001/0040267 Al

it is possible to remove the aforementioned masking layer
and disposable layer 24 in one step. Thus if layer 24 consists
of organic material or carbon-containing SOG, as previously
described, both layer 24 and the photoresist masking layer
can be removed using an oxygen plasma etch. Such oxygen
plasma etch processes are well known for stripping or
etching organic materials in semiconductor processing. Thus
said photoresist layer is removed from a surface of layer 26
while disposable layer 24 is removed through said air gap
ports 28. Other processes may also be employed, for
example, an ultra violet induced ozone stripping process is
also known and can be used to remove both layer 24 and the
aforementioned photoresist masking layer. If disposable
layer 24 consists of a heavily doped phosphorus containing
glass, it can be removed by etching with a solution contain-
ing fluoride ions as is known in the semiconductor arts.

[0041] Referring to FIG. 5, air gaps 34 have been formed
by removal of disposable layer 24 as previously discussed.
As it can be seen, air gaps 34 are defined in a first direction,
between adjacent conductive paths, by conformal layer 20
overlying sidewalls of each conductive path. In a second
direction, air gap 34 is defined by layers 20 and 12 at lower
boundary and third insulating layer 26 at an upper boundary.
Thus a new insulation structure 40 is formed, disposed
between adjacent conductive paths on a single level, from air
gaps 34, portions of conformal layer 20 and third insulating
layer 26. Inclusion of air gap 34 in structure 40 results in a
reduced permittivity over that of, for example silicon oxide.
Hence, capacitance between adjacent conductive paths will
be reduced. A passivation layer 30 is formed overlying third
layer 26 and covering or sealing air gap ports 28. While
some material of passivation layer 30 can enter air gaps 34
by means of air gap ports 28 during a deposition process,
such filling can be minimized through design of ports 28 and
selection of a deposition process for passivation layer 30.
Thus, as it is known, atmospheric deposition of silicon oxide
will tend to close ports 28 well before any significant filling
of gaps 34 occurs.

[0042] Thus by and through the above descriptions of
FIGS. 1-5, an embodiment of the present invention has been
disclosed. As seen in FIG. §, air gaps 34 form a significant
portion of insulation structure 40 disposed between conduc-
tive lines 14 and 16. Therefore, as the capacitance of
structure 40 is a function of the permittivity of each com-
ponent of structure 40 divided by its thickness, and whereas
the largest portion is air having a permittivity of 1.001
F/em?, it can be seen that capacitance has been greatly
reduced from that of a solid silicon oxide insulator, and will
be less than 3.9 F/em?.

[0043] Turning now to FIG. 6, another embodiment of the
present invention is illustrated wherein the structure of
FIGS. 1-5 is formed by an alternative method. For ease of
understanding and comparison, similar features are labeled
using the numbering of FIGS. 1-5. Thus FIG. 6 shows
closely spaced first conductive paths 14, and a spaced apart
conductive path 16 disposed over insulating layer 12, which
in turn is disposed over semiconductor substrate 10. How-
ever this embodiment employs a non-conformal insulating
layer 200 disposed over and between conductive paths 14
and 16.

[0044] Referring now to FIG. 7, insulating layer 200 has
been etched back to form dielectric spacers 210 which
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continue to overlie a major portion of conductive paths 14
and 16. It will be understood that while layer 200 is shown
formed into discrete spacers 210, this is not essential. Thus
spacers 210 can retain some connectivity overlying layer 12
as indicated by dashed lines 220 between conductive paths
14 and 16. Additionally, spacers 210 can be formed where a
portion or all of an upper surface of conductive paths 14 and
16 remain covered by layer 200. Layer 200 can consist of a
variety of insulating materials, for example silicon oxide,
silicon nitride or the like. The specific material selected is a
design choice determined by a variety of factors including,
but not limited to, the spacing between conductive paths, the
composition of layer 12 and both the etchback process and
desired profile of spacers 210. Any and all of these design
choices are intended to fall within the spirit and scope of the
present invention.

[0045] Turning now to FIG. 8, a structure at a subsequent
process step is shown that is equivalent to the structure
previously shown in FIG. 3. Thus disposable layer 24 has
been formed as previously discussed with respect to FIG. 2,
as has second insulation layer 26 and air gap ports 28. While
FIG. 8 shows layer 26 directly coupled to conductive paths
14 and 16, where layer 200 remains overlying paths 14 and
16, as previously mentioned, layer 26 is indirectly coupled
to paths 14 and 16. In this manner paths 14 and 16 provide
physical support for layer 26. It will be understood that
additional structures, equivalent to FIGS. 4 and 5, can be
formed for this embodiment of the present invention. In the
manner previously taught, disposable layer 24 is etched
through air gap ports 28. In this manner, an insulating
structure for this embodiment is formed which includes an
air gap, as a principal component, as well as spacers 210 and
second insulating layer 26. It will be understood that if
spacers 210 are not formed as fully separated spacers 210,
but rather spacers 210 connected as indicated by hatched
line 220, then this additional material will be included in the
insulation structure. Therefore, an alternative embodiment
of the present invention shown has been shown where a
capacitance significantly less than 3.9 F/cm® is provided.

[0046] Other embodiments of the present invention are
also possible. Now turning to FIG. 9, an embodiment of the
present invention is shown where air gaps are disposed
between adjacent conductive paths 52 and 54 that form a
second or upper conductive layer. As will be seen, no air
gaps are formed on a lower conductive layer containing
paths 14 and 16. It will be noted that FIG. 9 is analogous to
previously discussed FIG. 3.

[0047] Semiconductor substrate 10 is shown with insulat-
ing layer 12 disposed thereon. Closely spaced conductive
paths 14 and spaced apart conductive path 16 are formed as
previously discussed. However, rather than forming insulat-
ing structure 40, a standard insulating structure 44 is formed.
Structure 44 is illustrated as having vias 46 formed therein
to provide for electrical coupling of conductors 52 and 54 to
conductors 14 and 16, respectively. The manner of forming
vias 46 is well known in the semiconductor arts and not
essential to this embodiment of the present invention.

[0048] As shown, second conformal layer 60 is formed
overlying conductors 52 and 54. Second conformal layer 60
can be formed using methods and materials as discussed
previously with respect to conformal layer 20. In addition,
the thickness of second conformal layer 60 is a design choice
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as previously discussed for layer 20; however, a typical
thickness employed is approximately 100 nm. Second dis-
posable layer 64, shown disposed between conductors 52
and 54, is formed in a manner, and of materials discussed
previously with respect to disposable layer 24. As was
indicated in the discussion of thickness 25, thickness of
disposable layer 64 is also important. Therefore it will be
understood, that second disposable layer 64 is analogous to
layer 24 and has a thickness no greater than a thickness of
conductive paths 52 and 54.

[0049] Fourth insulating layer 56 is disposed overlying
conductive paths 52 and 54 and disposable layer 64. Layer
56 is formed in a manner, and of materials, as discussed
previously with respect to third insulating layer 26. A second
air gap port 58 is formed in insulating layer 56 in a manner
as discussed with respect to air gap ports 28 employing a
photoresist masking layer (not shown). While only one
second air gap port is illustrated, it will be understood that
this is for simplicity of illustration and understanding only.
In an actual embodiment, many second air gap ports 58 are
typically formed. Once air gap port 58 is formed, disposable
layer 64 can be removed. It is possible to remove the
aforementioned masking layer and disposable layer 64 in a
single process step as previously discussed.

[0050] FIG. 10 illustrates this embodiment of the present
invention where disposable layer 64 has been removed to
form second air gap 74. Additionally, passivation layer 30
has been formed overlying substrate 12 and in particular
fourth insulating layer 56, thus sealing air gap port 58. Thus,
a second insulation structure 80 is formed that is analogous
to embodiments of insulation structure 40 previously dis-
cussed. The benefits of reduced capacitance and structural
integrity are therefore enjoyed in this alternative embodi-
ment.

[0051] Still other embodiments of the present invention
are possible. Thus an integrated circuit may be formed that
incorporates an insulating structure of the present invention
for both a first level of conductive paths and a second level
of conductive paths. Such a structure is illustrated in FIGS.
11 and 12. FIG. 11 illustrates a simplified cross-sectional
view of this multilevel embodiment and FIG. 12 illustrates
a top down view of FIG. 11. It will be understood that the
structures and methods previously taught are used to fabri-
cate the structure depicted in FIGS. 11 and 12. However, it
should be realized that air gap 34 of insulating structure 40
and second air gap 74 of second insulating structure 80 are
formed with one process step. Referring to FIG. 12, it can
be seen that this is possible without regard to placement of
second level conductive paths where a sufficient array of air
gap ports 28 and 58 are provided. Thus in FIG. 12 air gap
ports 58 are represented having solid lines and air gap ports
28 having dashed lines. It will be understood that both
FIGS. 11 and 12 are simplified drawings created for ease of
understanding and description only. Therefore, air gap ports
28 and 58 can align as shown or can not align. Additionally,
in some embodiments insulation structure 80 is aligned to
insulation structure 40 and in other embodiments these
structures are not aligned. Finally, in some embodiments a
mixture of aligned and non-aligned structures such as air gap
ports 28 and 58 or insulation structures 40 and 80 are
possible. Such alignment and non-alignment of structures
described or illustrated herein are understood to be design
choices within the scope and spirit of the present invention.
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[0052] Thus several embodiments of a new insulation
structure having a reduced permittivity and superior struc-
tural integrity have been shown. In addition, several embodi-
ments of methods for fabricating the new insulation struc-
tures have also been demonstrated.

[0053] The new insulation structure includes a significant
amount of air thus significantly reducing the permittivity of
the structure. This reduction in permittivity of the insulation
structure will create a corresponding reduction-in capaci-
tance. As a result, the RC time constant and level of
cross-talk between adjacent conductive paths is reduced.
Additionally, the new insulation structure provides an insu-
lation layer having air gap ports formed therein. It will be
realized that this insulation layer overlies conductive paths
which provide physical support for the layer. By providing
an array of air gap ports formed in this insulating layer, the
layer can remain essentially continuous and thus retain
sufficient structural strength to take advantage of the physi-
cal support provided by the underlying conductive paths. In
this manner it is possible to support additional layers of
insulating and conductive materials. Finally, the method of
forming the insulating structures of the present invention
allows all air gaps within such insulating structures to be
formed in a single process step.

What is claimed is:

1. A semiconductor integrated circuit with an insulation
structure having a reduced permittivity, said insulation struc-
ture comprising;

a first insulating layer overlying a semiconductor sub-
strate;

a plurality of conductive paths overlying said first insu-
lating layer;

a second insulating layer overlying at least a major
portion of adjacent conductive paths;

a third insulating layer overlying each adjacent conduc-
tive path and extending from one to another;

an air gap defined in a first direction by said second
insulating layer overlying sidewalls of each adjacent
conductive path and in a second direction by a lower
boundary of said first and/or second insulating layer
and at an upper boundary by said third insulating
layers; and

a plurality of air gap ports formed in said third insulating
layer wherein each air gap port is positioned between
adjacent conductive paths whereby a disposable mate-
rial is removed through said plurality of air gap ports.

2. The semiconductor integrated circuit of claim 1 further
comprising a passivation layer overlying said third insulat-
ing layer wherein said passivation layer seals said plurality
of air gap ports.

3. The semiconductor integrated circuit of claim 1
wherein said first insulating layer is comprised of silicon
oxide.

4. The semiconductor integrated circuit of claim 1
wherein said first and said second insulating layers are
comprised of substantially different materials.

5. The semiconductor integrated circuit of claim 4
wherein said second insulating layer is comprised of silicon
nitride or silicon oxide.
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6. The semiconductor integrated circuit of claim 1
wherein said second insulating layer and said third insulat-
ing layer are comprised of substantially the same material.

7. The semiconductor integrated circuit of claim 1
wherein said third insulating layer is comprised of silicon
nitride or silicon oxide.

8. The semiconductor integrated circuit of claim 1
wherein said second insulating layer is a conformal layer.

9. The semiconductor integrated circuit of claim 1
wherein said second insulating layer further comprises spac-
ers adjacent a sidewall of each conductive path.

10. The semiconductor integrated circuit of claim 1
wherein said first insulating layer overlies a first intercon-
nect layer.

11. The semiconductor insulated circuit of claim 1
wherein said insulation structure has a permittivity less than
3.9 F/em?2.

12. A method of fabricating a semiconductor integrated
circuit having an insulating structure with reduced capaci-
tance comprising the steps of:

forming a first insulating layer overlying a semiconductor
substrate;

forming a plurality of conductive paths overlying said first
insulating layer wherein each of said conductive paths
has a first thickness;

forming a second insulating layer overlying said first
insulating layer and at least a major portion of each of
said conductive paths;

forming a disposable layer overlying said second insulat-
ing layer at least adjacent said conductive paths,
wherein said disposable layer has a second thickness no
greater than said first thickness;

forming a third insulating layer overlying said semicon-
ductor substrate wherein said third insulating layer is
coupled to each of said conductive paths and said
disposable layer;

forming a plurality of air gap ports in said third insulating
layer wherein said plurality of air gap openings are
disposed between adjacent conductive paths; and

removing said disposable layer wherein an air gap is

formed.

13. The method of fabricating an integrated circuit of
claim 12 further comprising the step of forming a passiva-
tion layer overlying said third insulating layer wherein said
air gap opening are sealed.

14. The method of fabricating an integrated circuit of
claim 12 wherein the step of forming a first insulating layer
comprises forming an insulating layer comprised of silicon
oxide or silicon nitride.

Nov. 15, 2001

15. The method of fabricating an integrated circuit of
claim 12 wherein the step of forming a plurality of conduc-
tive paths comprises forming a layer comprised of aluminum
or polysilicon.

16. The method of fabricating an integrated circuit of
claim 12 wherein the step of forming a second insulating
layer comprises forming a conformal layer comprised of
silicon oxide or silicon nitride.

17. The method of fabricating an integrated circuit of
claim 12 wherein said first insulating layer and said second
insulating layer are comprised of substantially different
materials.

18. The method of fabricating an integrated circuit of
claim 12 wherein said first insulating layer and said second
insulating layer are comprised of substantially the same
material.

19. The method of fabricating an integrated circuit of
claim 12 wherein the step of forming a disposable layer
comprises forming a layer from a material selected from the
group including a carbon containing spin on glass, a poly-
imide material and a heavily doped phosphorous containing
glass.

20. The method of fabricating an integrated circuit of
claim 19 wherein said carbon containing glass has a carbon
concentration of at approximately 10 percent or greater.

21. The method of fabricating an integrated circuit of
claim 19 wherein said heavily doped phosphorus containing
glass has a phosphorus concentration of at approximately 3
percent or greater.

22. The method of fabricating an integrated circuit of
claim 12 wherein the step of forming a third insulating layer
comprises forming an insulating layer comprised of silicon
oxide or silicon nitride.

23. The method of fabricating an integrated circuit of
claim 12 wherein said second insulating layer and said third
insulating layer are comprised of substantially the same
material.

24. The method of fabricating an integrated circuit of
claim 12 wherein the step of removing said disposable layer
comprises removing said disposable layer through said air
gap ports.

25. The method of fabricating an integrated circuit of
claim 24 wherein the step of removing said disposible layer
comprises etching said disposable layer with an oxygen
plasma.

26. The method of fabricating an integrated circuit of
claim 24 wherein the step of removing said disposible layer
comprises etching said disposable layer with a solution
containing fluoride ions.



